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ANNE WALLIS, MICHELLE GRAYMORE, TY MATTHEWS  
AND SUSAN BYRNE 
7. A VISUALISATION TOOL FOR EXPERIENTIAL 
LEARNING IN ENVIRONMENTAL SCIENCE: USING 
FOOTBALL FIELDS, AGRICULTURAL FIELDS AND 
WATERWAYS TO ILLUSTRATE THE IMPLICATION 
OF DIFFERENT WATER ALLOCATION DECISIONS 
ABSTRACT 
Environmental education challenges educators to provide students with activities 
that cover complex societal issues, enhance critical thinking and to promote 
interdisciplinary and holistic learning. A further challenge is to convey this 
information so that it provides a solid foundation for participatory decision 
making. For example, effective management of water resources requires 
consideration of the social, economic and environmental consequences of 
various water allocation decisions together with an understanding of the possible 
conflicts that arise from these decisions, particular under scenarios of limited 
water supply. Well designed visualisation tools can enhance teaching and 
understanding of difficult concepts. For example, they can be designed to allow 
students to participate in hypothetical decision making and to visualise the 
potential implications of their decisions under a range of scenarios. A review of 
the published literature revealed that several visualisation tools have been 
developed for use in science education, but few provide the option for students to 
participate in integrated environmental decision making. This paper presents a 
visualisation tool, called WINDSCREEN, that has been introduced into 
environmental science classes to enhance student learning. The tool focuses on 
water resources and requires students to think about how they would allocate 
available water supplies for social, economic and environmental uses. An 
overview of the challenges associated with water allocation decisions, together 
with the role that visualisation tools can play in environmental education are also 
discussed. 
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INTRODUCTION 
Globally, aquatic ecosystems continue to exhibit a net reduction in available 
potable water. Water allocation decisions are frequently met with conflict (Gleick, 
2000; Gopalakrishnan et al., 2005; Molle and Berkoff, 2009; Rowland, 2005), 
particularly where water resources are shared across political boundaries and 
access to clean drinking water forms the basis for hostility (Marcus & Onjala, 
2008; Rowland, 2005; Syme et al., 1999; Wurbs, 2004). Demand for various uses 
including domestic supplies, primary industries, energy generation and 
environmental flows, put pressure on decision makers to allocate water equitably 
(Wurbs, 2004). Effective management of water resources requires consideration 
of the social, economic and environmental sectors together with an understanding 
of possible conflicts that may arise from different allocation decisions, 
particularly when water supply is limited. Determining appropriate allocations, 
particularly under conditions of low availability, is a task of significant 
responsibility that requires ethical consideration, often without any prospect of 
satisfying all recipients within a community or region. Resource allocation triage 
and conflict resolution are considered important prerequisites for those faced with 
allocation dilemmas. Clearly, environmental educators have an interest in the 
integration of the complexities of such resource allocation decisions into their 
teaching programs and visualisation is one possible means of achieving this goal. 
 The use of visualisation tools to assist with strategic decision making is 
becoming increasingly commonplace. For example, landscape planning and 
military training utilise visualisation tools to represent different scenarios and to 
facilitate decisions that can have significant social, environmental or economic 
repercussions (Bishop and Rohrmann, 2003; Bowe et al., 2000; Pettit et al., 2004; 
Sheppard, 2008). The opportunity for visualisation to assist with complex 
environmental decisions have been realised in climate change projection models 
(Sheppard, 2005; O’Neill, 2009), and more recently in water resource planning and 
management (Jankowski, 2009; Larson and Edsall, 2010). However, its application 
for education associated with water allocation decision making appears to be non-
existent. 
 If current generations of students are to become the environmental decision 
makers of the future, it is vitally important that some components of the university 
curricula include exercises in experiential learning about the consequences of 
resource management decisions (Wallis & Laurenson, 2004). Sheppard et al. 
(2008) considers that urban and regional planners are the ‘natural’ choice for 
making difficult water allocation decisions. However, these decisions are currently 
made in various professions, and decision making processes continue to involve 
greater community participation (Tan, 2006, Ball et al., 2007 and Jankowski, 
2009). Effective environmental management requires that graduates are 
sufficiently informed about current, critical environmental issues and the impact of 
actions on the future welfare of the environment. Thus, environmental educators 
need to provide practical ways to enable their students to envisage potential futures 
based on the decisions made (Hicks, 1996). Visualisation tools used in 
environmental science curricula may assist with studies of complex environmental 
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problems. However, there is limited evidence of existing visualisation tools 
contributing to the teaching of environmental decision making in schools or 
tertiary institutions. The aim of this paper is to discuss the potential role of 
visualisation tools in enhancing student learning within environmental science 
education. More specifically it will: 
– highlight the challenges faced by water allocation management; 
– explore interactive visualisation tools and their current use within the 
environmental educational setting; and 
– discuss how preliminary trials with a new interactive visualisation tool, called 
WINDSCREEN, have been used to engage students and to provide experiential 
learning that enhances student awareness of water allocation decision making 
and some potential consequences of these decisions. 
WATER ALLOCATION CHALLENGES 
There are 261 international river basins that encompass at least two nations 
(Wolf et al., 1999; Wurbs, 2004) challenging these nations to agree on water 
allocations. According to Syme et al., (1999), water resources have been over-
allocated, and problems of reallocation are emerging. Allocation of water in 
many river basins has already reached or exceeded its limits. Marginal 
additional sources, such as desalination, often provide very costly alternatives 
and new projects can at times reallocate water that is already appropriated for 
human or environmental uses (Molle and Berkoff, 2007). In Australia, as in 
other parts of the world, environmental managers face issues of declining water 
quality, over-allocation of surface and ground water supplies and degradation of 
aquatic environments (Syme and Nancarrow, 2006). Australia is the driest 
inhabited continent with highly variable rainfall. This, together with a three tier 
system of government and potential changes in rainfall patterns due to climate 
change add to the difficulties associated with water allocation decision making. 
 The term ‘equitable’ is poorly defined and usually ambiguous, yet it is a 
term frequently used in water allocation discussions (Wegerich, 2007, Syme  
et al., 1999). Criteria for equitable distribution are particularly difficult to 
determine in global water conflicts, due to the ambiguity and often 
contradictory nature of international law (Wolf, 1999). Competing sectoral 
interests and scarcity invariably means that any resulting allocation tends to 
favour one sector to the detriment of another prompting a need for ‘fairness’ 
and ‘justice’ in resolving contentious environmental issues (Seligman et al., 
(1994). However, because there are multiple uses and therefore multiple 
participants who claim a stake in decisions around water allocation (Nandalal 
and Hipel, 2007) conflict has become an intrinsic complication in developing 
strategies for distributing water. However, Syme and Nancarrow (1992) 
showed that the perceived fairness of the process is at least as important as the 
direct outcomes thereby illustrating that participatory decision making is vital 
for reducing conflict. 
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 It is clear that water allocation decisions, typical of issues in environmental 
management, present a significant source of ongoing conflict and dissention. This 
challenges teachers of environmental science to provide students with activities 
that cover complex societal issues, enhance critical thinking, promote 
interdisciplinary and holistic learning while also providing a foundation for 
participatory decision making. Education practitioners are in need of tools to 
assist with this task and visualisation tools can successfully convey complex 
information and facilitate critical thinking and decision making (Larson and 
Edsall, 2010). 
THE ROLE OF INTERACTIVE VISUALISATION TOOLS 
By definition, interactive multimedia (or visualisation) is the use of a computer 
to control and present combinations of media such as text, graphics, video and 
sound (Newhouse, 2002). Visualisation offers significant diversity in 
educational application including presentation of complex subject matter, 
research support in behaviour and perceptions, landscape planning, strategic or 
risk evaluation training and immersive entertainment. Visualisation tools also 
offer the opportunity to investigate ‘what if’ scenarios and explore alternative 
futures (Bunch and Lloyd, 2006) in a way that is motivating and compelling and 
can use complex information to convey strong messages in real time 
(Nicholson-Cole, 2005). The advantages of visualisation  tools are that visual 
images are commonplace, are already a familiar form of communication with 
the public and have the ability to condense complex information into a simple 
means of communication that is instantaneous and easy to recall (Nicholson-
Cole, 2005). Three categories of visualisation tools have been identified 
(Kalawsky, 1993; Yusoff et al., 2010): 
– Fully-immersive based on virtual technology, where the users feel present in 
a virtual world  (i.e. computer generated virtual space that enables real time 
interactivity in three dimension systems) (Lawless and Coppola, 1996); 
– Semi-immersive – where users are partially immersed in a virtual environment; 
and 
– Non-immersive – an environment that presents images on a normal monitor and 
allows the user to interact with computer generated images. 
Most computer based learning currently used in schools consists of text, static 
graphics, audio, 2D animation and video (Yusoff et al., 2010). In the past, such 3D 
technology has been restrictively expensive. However, affordable personal 
computers and conventional input devices have made this type of visualisation 
more accessible to a wider audience (Yusoff et al., 2010). Evidence suggests that 
these forms of photo realism and immersion are limited in their effectiveness 
(Larson and Edsall, 2010) and that less complicated 2D visuals  take less time for 
users to interpret (Mak et al., 2005). 
 Successful educational visualisation tools need to be attention grabbing, easy to 
relate to, personally applicable both spatially and temporally, offer authentic and 
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relevant scenarios that are scientifically realistic and contain applied pressure 
situations that force users to act and offer replay-ability (Aldrich, 2004; He, 2003; 
Nicholson-Cole, 2005). Therefore, a visualisation tool with real photos of areas 
that are familiar to the user should be more engaging to users. However, no  single 
image will appeal to all users and differences in experience and understanding will 
result in different messages being taken away (Nicholson-Cole, 2005; Larson and 
Edsall, 2010). 
 This overview of water allocation, decision making and visualisation tools along 
with the need to investigate new approaches to experiential learning in 
environmental education provides the context for: reviewing interactive 
visualisation tools; exploring their use in environmental educational settings; and 
introducing WINDSCREEN and discussing how this tool engages students and 
provides experiential learning that enhances their understanding of water allocation 
decisions and the potential consequences of these decisions. The tool also collates 
water allocation decisions made by students under a range of different water 
supply scenarios. 
INTERACTIVE VISUALISATION TOOLS FOR ENVIRONMENTAL EDUCATION 
There are a plethora of visualisation tools available. We found 20 visualisations 
tools in the published literature, which revealed that school science programs, 
urban and regional planning, defence training, community awareness campaigns 
and artificial intelligence programs all use visualisation technology (Table 1). Of 
the tools investigated, eleven were primarily used in educational settings, seven in 
planning and decision making and two, ABC Catchment Detox and the Jasper 
adventure trip planning tool, were applicable for use both in educational settings 
and decision making learning. 
 Public consultation in urban and regional planning incorporates the use of 
interactive visualisation tools for the development of proposals in built (Pettit  
et al., 2004; Rohrmann & Bishop, 2002) and natural environments (Bell, 2001). 
Interactive visualisation tools are also used to raise awareness about 
environmental issues and change behaviour. For example, the Ocean Project (see 
http://www.theoceanproject.org), an extensive worldwide collaborative of zoos, 
aquariums and museums dedicated to ocean conservation, have developed the 
watershed-to-ocean visualisation project that aims to provide a learning 
experience where participants can explore and be compelled to act in protection of 
watersheds and the ocean environment. This interactive visualisation tool is 
intended to change participants perception of their ‘eco-address’ by highlighting 
their awareness of how people are connected to  the aquatic environmenttogether 
with how their activities can have both positive and negative impact on the 
aquatic environment. 
 Interactive visualisation tools are mainly used in secondary and tertiary 
educational institutions, however primary schools are increasingly advocating the 
incorporation of computer technology into their curricula and the use of these tools 
may appear in a relatively simplistic form. Tertiary institutions use interactive 
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visualisation tools across several disciplines. The majority of these tools are found 
in information technology and urban planning, however medicine, forestry, 
geography, social and environmental sciences also have representation. Other uses 
of interactive visualisation tools include trade-specific applications, such as in 
engineering. ABC Catchment Detox (http://www.catchmentdetox.net.au/home/) is 
an example of an educational application that engages students at all levels in 
environmental decision making and demonstrates the impacts of those decisions on 
the health of river basins. 
WINDSCREEN – A VISUALISATION TOOL TO FACILITATE WATER 
ALLOCATION DECISION MAKING 
We are currently trialling a visualisation tool for community water allocation 
decisions to assess the effectiveness of an interactive games-based tool. The tool 
is designed to inform users of the trade-offs between social, economic and 
environmental sectors that are associated with difficult water allocation decisions 
under a range of water availability scenarios. The computer tool, 
‘WINDSCREEN,’ is an interactive visualisation tool developed to assist water 
authorities in their understanding of community attitudes towards different  
water uses, and to assess the trade-offs that communities make between uses 
under different water supply conditions. It uses Adobe Flash Player for its 
graphic capabilities and accessibility and, incorporates photo-realism via 
photographs of local conditions in a simple user interface based on a car 
dashboard (Figure 1). Before the user can begin a driver’s licence is required, 
enabling  demographic data to be collected. The dashboard consists of a set of 
dials; one showing the total quantity of water available for allocation and three 
showing the quantities allocated to social (an Australian Rules Football field: 
footy), economic (agricultural production: fields), and environmental (waterway 
levels: flows) sectors. Users can allocate water using the up and down arrows 
under the dials. The numbers on the dashboard represent four water availability 
scenarios based on historic water availability data (scenarios 0 = highest water 
availability, 1 = average water availability and 2 = last 10 years under drought 
conditions) and climate change predictions (scenario 3) for the Wimmera region 
of western Victoria, Australia. Once the various allocation scenarios are selected 
by the user, the windscreen  shows a visual representation of the impact of the 
water allocation decisions made using local photos of a football oval, agricultural 
field and flows to local waterways taken during periods of dry, moderately dry 
and wet conditions.  The rear vision mirror contains a happiness indicator, which 
is a scale used to gauge how happy participants are with their allocation 
decisions (Figure 2). 
 In an educational setting, WINDSCREEN is an experiential ‘hands on’ 
interactive visualisation tool where students experiment with hypothetical decision 
making for varying levels of water supply scarcity. It provides them with an 
opportunity to increase their understanding of the impact their decisions will have 
on the local conditions. 
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Figure 1. In WINDSCREEN a dashboard interface is used for making water allocation 
decisions. This particular scenario represents the outcome for a user’s allocation decision 
based on a period of water scarcity (see low water level on dial directly left of steering 
wheel) 
 
Figure 2. Level of happiness with decisions made is indicated by selecting one of the 
happy/sad face symbols. 
DETERMINING STUDENT’S WATER ALLOCATION PREFERENCES 
We have trialed WINDSCREEN during a pilot study (n = 26 1st year 
environmental science students) to investigate student views on environmental 
issues, with particular regard to the availability of water resources, their 
preferences for water allocation and whether a visualisation tool engages them and 
adds to their learning experience.. The pilot results suggest that student’s allocation 
priorities change with increasing water scarcity (Figure 3). Students are showing a 
tendency to allocate water evenly to all water uses (i.e. social, economic and 
environmental) when there is plenty of water available. However, as water 
availability decreases, their preference shifts toward allocating water to farms or 
environmental flows.  How students felt about the implications of these decisions 
were apparent from the happiness indicator. We plan to take this research further 
by conducting a survey at least 25 students from each of three faculties (Arts and 
Eduaction, Business and Law and Science and Tehnology) to compare decision 
making across students with different environmental interests.  
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We used an accompanying, anonymous questionnaire to ask students about the 
usefulness of Windscreen. Participating students described using WINDSCREEN 
as ‘a great tool, easy to use, with simple graphics and a colourful visualisation’. 
WINDSCREEN was able to demonstrate to the students the impact of climate 
change on water availability in their local area and what that will means for future 
water allocation decisions. After using the tool, students commented that it was 
‘difficult to decide when there is not much water’ and that they worried about the 
‘effects of water scarcity on the environment’. Students also commented that their 
use of the tool taught them about the value of water, and the impact water 
allocation has when water is scarce on farms and the environment. It also prompted 
them to think about their priorities for water allocation and make trade-offs 
between water uses when there was little water available. 
 
(a)      (b) 
Figure 3. An example of the results of a student’s water allocation decisions showing,  
(a) water volumes allocated to social, economic and environmental sectors together with 
whether they were satisfied with their decisions, and (b) proportion of supply allocated 
under each scenario. 
FUTURE DIRECTIONS 
Environmental education is considered relevant for inclusion in broad vocational 
fields (Shepard et al., 2009). Students are being prepared for professions that may 
require strategic decisions to be made over critical environmental issues. Climate 
change and sustainability education have been identified as particularly relevant in 
school and university curricula (Wals and Jickling, 2002; Hurlimann, 2009; 
Shepard et al., 2009) and water resource management is strongly tied to both of 
these broad areas. Thus, it is recommended that the social, environmental and 
economic implications of water resource allocation be taught, in order to prepare 
prospective students likely to be involved in such decision making either as 
professionals or as community members that are interested in environmental 
decision making. Interactive visualisation tools such as WINDSCREEN can 
facilitate this learning in that decision outcomes can be visually depicted in 
simulations that help students to evaluate alternative futures. 
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 Virtual worlds, 2D and 3D visualisation displays, are showing promise in their 
ability to engage and motivate students with sometimes complex subjects, 
particularly in the maths and science streams. Newhouse (2002) found students who 
use computers to support their learning are generally more responsible, independent, 
cooperative, collaborative, directive and negotiative. There is a demand for carefully 
constructed learning experiences in educational institutions to respond to increases in 
professional demand for environmental education (Hurlimann, 2009). Interactive 
visualisation tools have significantly enhanced the learning experience of students in 
maths and science subjects. The development of tools such as WINDSCREEN 
provide further opportunity to enhance experiential learning in environmental 
education by allowing students to grapple with complex, cross disciplinary subject 
matter in a way that is engaging and motivational. The strengths of WINDSCREEN 
as an educational tool include a simple dashboard interface that is readily visible on a 
small screen, is easily uploaded onto a computer and is not time consuming to run 
from start to finish. Furthermore, the use of real, familiar images in WINDSCREEN 
was able to convey potential consequences of allocation decision to students, not 
only engaging them, but helping them to understand of multidimensional 
environmental issues (Mak et al., 2005; Larson and Edsall, 2010). 
 It should be noted that not all visualisation tools are received favourably by students. 
It is clear that the development of new interactive visualisation tools to aid teaching 
must be thoroughly tested before general adoption is encouraged. There are a number 
of design improvements that would enhance the use of WINDSCREEN. For example, 
pop-up instructions could improve navigation within the various components of the 
tool, such as for moving from the historic water chart back to the dashboard; and real-
time responsiveness of the photos so that they change instantaneously as the amount of 
water allocated is changed. However, most students found using WINDSCREEN 
intuitive and had little difficulty using the tool as in its current form. 
 The tendency for students to allocate water as equitably as possible when using 
WINDSCREEN is not an unusual finding. A study by Seligman et. al. (1994) 
revealed that people agree on a common set of ethical principles in making water 
allocation decisions. Management for future generations, water being owned by 
everyone and regarded as a public good, the rights of the environment and how 
efficiently water is being used were principles afforded the highest importance. A 
collective sense of ownership of the resource and its efficiency of use is supported 
by Cohen (1991). These common values tend to become less significant when 
personal livelihood and income are impacted by water allocation decisions adding 
further complexity to the decision making process. This is a dimension not 
included in WINDSCREEN in its current form and such complicating situations 
may be worth considering in discussion with students after they have used the tool. 
CONCLUSION 
The United Nations has set 2005–2014 as the Decade of Education for Sustainable 
Development (DESD) (UNESCO, 2008). During this time, the aim of the DESE 
program is to seek new behaviours and practices that promote sustainability 
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through education promoting interdisciplinary and holistic learning, values based 
learning, critical thinking, multiple methods approaches and participatory decision 
making using locally relevant information (Hurliman, 2009). Visualisation is one 
method in the tool box that can help educators achieve this aim. The preliminary 
trials using WINDSCREEN are promising (e.g. the tool is engaging and easy to 
use), but further testing is needed  using a greater number of students across a 
range of academic disciplines and backgrounds. The additional advantage of this 
tool is that it can be used to educate students while at the same time collecting data 
relating to students’ attitudes and values toward the environment. It is also possible 
to adapt the program to address other environmental concerns, such as climate 
change,  by altering the images and scenarios (e.g. CO2 emissions). 
Table 1. Interactive visualisation tools and their relevance in education institutions 
Interactive Visualisation 
Tool Use Reference 
FOR EDUCATION   
CI Space Tertiary level study of Artificial Intelligence via Java applets 
Amershi et al. 
(2005) 
STArt program Primary/secondary level study of molecular structure Halpine, (2004) 
Lichens as bioindicators 
PBL-GIS 
Secondary level GIS unit measuring air 
quality using tree lichen data  
Baker & White 
(2003) 
Geowall 3D Tertiary level study of structural geology  Boese et.al. (2009) 
Earth Systems Visualiser Tertiary level study of global weather via overlays of space-time data 
Harrower et.al. 
(2000); 
CoVis 
Collaborative virtual geoscience museum 
for middle and high schools – teaches 
real-time weather, historic climate and 
global greenhouse data exploration 
Pea (2002) 
3D/VR cold front learning 
system 
Secondary level simulation of 
temperature distribution subject to cold 
fronts 
Lin & Chang 
(2005) 
Connected Chemistry  Secondary level study on the science of pressure. Kim (2005) 
GLOBE Project  Kindergarten to secondary level study of local environmental data  
Lawless & 
Coppola 
(1996); Means 
(1998) 
Draw Your Line Anti-bullying campaign using GIS online program for empowerment and reporting. 
www.athinline.
org 
US Air Force Academy 
cadets  
Compulsory engineering mechanics unit 
using PowerPoint FEM-based colour 
stress plots  
Bowe et al. 
(2000) 
FOR DECISION 
MAKING   
Jewell Station 
Neighbourhood Project  
Urban planning tool for community 
engagement in planning decisions. 
Pettit et al. 
(2004) 
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GMCRII Decision support model for conflict resolution and community engagement. 
Gopalakrishanan 
et al. (2005) 
SmartForest  
GIS/CAD landscape virtual reality 
planning tool for community engagement 
in sustainable forest plans 
Orland (1994) 
CALP research program  
Local climate change landscape 
projections using geomatics and 
visualisation for community engagement 
and policy support. 
Sheppard et. 
al., (2008) 
Entlebuch Biosphere 
Reserve Switzerland 
Provides 3D aerial views, climate change 
projections 
Schroth et al. 
(2006) 
Local Climate Change 
Visioning Project – Delta, 
B.C. (Canada) 
3D visualisation tool for local climate 
change landscape projections  
Burch et al. 
(2010) 
Computer walk-through 
simulation of Camberwell 
Junction, (Australia) 
Urban landscape planning research to 
measure cognitive and affective response 
Rohrmann & 
Bishop (2002) 
EDUCATION & 
DECISION MAKING   
ABC Catchment Detox  
Online game; user in charge of the whole 
catchment; decides what activities to 
undertake to avoid environmental 
problems 
(http://www 
.catchmentdeto
x.net.au/home/) 
Jasper Adventure Player 
software 
Solution prompting tool to a Jasper 
adventure trip planning scenario 
Crews et al. 
(1997) 
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